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1. A process for recovering copper minerals 
from ores containing oxidized copper minerals in 
association with sulfide minerals comprising: 

obtaining a pulp of the ore in water; 

conditioning the pulp with an alkaline 

agent; 

thereafter conditioning the pulp witn a 
collector or mixture of collectors; 

adding a surface modifying agent at a rate 
in an amount sufficient to decrease the platinum 
electrode potential when measured against a saturated 
calomel electrode of below about -100 tnV; 
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conditioning the pulp only for a lime 
sufficient to provide intimate contact between the pulp 
and the surface modifying agent; and 

thereafter subjecting the so treated ore to 
flotation whereby copper minerals are recovered. 

7. In the flotation process for re::v-:r :r 
:cpp-ir values from ores containing oxidized 
sulfide x inerals in association with ceppor' s : . : : : - 
minerais wherein said ores are conji:iore: w . : - 
collectors and frothers and thereafter s jb;^.:: - z - : 
flotation to recover said copper values, the 
rnent comprising adding a surface modifying acer. r. :z 
alkaline pulp of said ore, said agent ad-;ied ~ - 
and in an amount sufficient to decrease the p 1 a . : i : 
electrode potential of said pulp when xe^sjre-i as*: 
a saturated calomel electrode tc below -]0C rr. V; ::o- 
ditioning said pulp only for a tirr.e suif i:if nt .:o 
provide intimate contact of said pulp and agent 3nJ 
thereafter immediately subjecting said conditioned P : -"-P 
to a flotation operation. 
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FIELD OF THE INVENTION 

This invention relates to flotation of 
copper minerals, and more particularly to the flotation 
3 f copper sulfide ores, such as porphyry ores which 
ror.tain oxidized copper sulfide minerals in the ore. 

BACKGROUND OF THE INVENTION. - 

It is well known that the rate of flot,i-: " 
ap.d overall recovery of copper sulfides, such as tnas- 
Ln porphyry ores, are substantially lower with ores 
which com* from upper zones of ore bodies. : * 

decrease in copper recovery and flotation rate : s 
believed due to the weathering effects near the q round 
surface which result in partial oxicr.ion of i.^.e 
sulfide minerals thereby forming a mixed sulfide n 1 
oxide ore. Indeed, severe oxidation can result in the 
formation in the ore body of zones consisting of copper 
oxides, ctrbonates, silicates and hydroxides. 

A number of techniques have been proposed 
t jr treating copper sulfide ores containing copper 
oxides, carbonates and hydroxides so ^s to enhance tne 
total recovery of the metal values. For example, in 
U.S. Patent 3,893,421 , a process is disclosed in which 
sulfidizing chemicals are added to an ore slurry in 
water to provide an optimum oxidation-reduction 
potential in the ore slurry during normal flotation. 
For copper ores, for example, such optimum oxidation- 
reduction potential will be in the range of about 125 
to 160 millivolts. Similarly, in U.S. Patent 

4,011,072, the recovery of oxide and silicate copper 
minerals with the sulfide minerals is disclosed as 
being increas d by adding a soluble sulfidizing agent 
to a pulp of th ore which addition is controlled in 
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accordanc with the pulp EMF • Specifically, the addi- 
tion of th sulfidi-xing agent is disclosed is being 
discontinued whenever the EMF becomes less than *bout 
-30 millivolts as measured against a silver, silver 
chloride standard electroce. 

It should be readily appreciated mat i r* 
addition to the increase in th<* total amount of copper 
that can be recovered from sulfide ores, the r «:e 
recovary or flotation kinetics is also of considerable 
importance^ For example, in commercial practice an 
improved recovery of upper zone porphyry fre- 
quently is obtained by increasing the total flotat: 
time so that the slow floating minerals will ultimately 
float* This pract ice unfortunately results in ni]"^: 
capital cost. If the additional flotation t:m-f, 
however, is not allowed, then total copper r-cov-y . s 
significantly decreased. 

Thus, there remains a need for a process 
which will enhance the flotation kinetics* si w 

floating, surface oxidized sulfide minerals, s-joh i * 
the upper zone porphyry ores and which will i;s-? 
increase the overall copper recovery. 

SUMMARY OF THE IMVEMTIOH - 

Briefly, the present invention comprises - 
method of recovering copper minerals from ores con- 
taining both sulfide end oxidized copper sulfide 
minerals, such as found, for example, in surface 
oxidised porphyry ores* Accordingly, one embodiment of 
the present invention comprises first conditioning a 
pulp Of an ore containing copper sulfide and oxidized 
copper sulfide minerals in th pr s nee of an alkaline 
agent, n xt subj cting the so conditioned ore to a 
sec nd c nditioning st p in th presence of a collec- 
t r, ubs quently adding a surface modifying agent to 



the so tr ated ore at a rate and in -in -i^jn: 3 = ir:.- 
ci nt to d cr ase the platinum electrode potent ia. of 
the pulp when measured against a saturated calomel 
electrode to a minimum of -100 mV , then cond i *. : on 1 n 
the ore only for • time sufficient to achieve intimate 
contact between the ore particles, and t her ea f r 
subjecting the so treated ore to conventional i'.^z*- 
t i on . 

In another embodiment of -.n« pre-**.".- • 
tion, an alkaline conditioned ore contam::v ? :);)?•••: 
sulfide ano oxidized copper sulfide minerals : s - r - » r - 1 
prior to flotation by adding a collector or m 1 < t -j r - 
collectors, optionally a frother or m 1 < - - r * 
frothers, and a surface modifying agen t 'sue r. - - -* - 
platinum electrode potential of the ore 1 3 . deer * 1 w ■: 
below about -100 mV. Thereafter the or e 1 s ;:or, d : -. - '■ 
for a time sufficient to achieve intim^ :r: ''" 
between the ore particles and surface modify : n-; >^-~- 
After so conditioning the ore, it finally is >uo : t*» : 
to flotation whereby the copper values ace . cecov-r --.i -■ 
enhanced rates. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is particular :> 
suitable for the recovery of copper from porphyry 
copper sulfide ores that come from upper zones of an 
ore body. However, it should be readily appreciated 
that the invention also is useful in the recovery of 
copper mineral, from any partially oxidized copper 
sulfide minerals. 

Following the standard ore preparation 
procedur a, porphyry copper sulfide ores from the upper 
zones f an or body will first be crushed and ground 
in water to reduc the particle sire of the or- to 
provide a pulp for use in a flotation operation. 
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In accordance with the practice of the 
pres nt inv nti n # th pulp so prepared is first con- 
ditioned in the presence of an alkaline agent or the 
like selected frooi the group consisting of alkali metal 
carbonates, iiaoniua hydroxide, potassium and calcium 
hydroxides or 11m aod mixtures of the foregoing. The 
amount of such alkaline agent used in conditioning the 
ground pulp is sufficient to provide a pulp pH greater 
than about 8.5, for example a pH in the range of about 
8.5 to 11,0. Indeed, in the process of the present 
invention, it is particularly preferred to use 1 ime as 
the conditioning agent and to use it in an amount sur'f i- 
lent to provide a pH of about 1.0.5. 

After conditioning the ground pulp w:ti 
lime, the pulp is then conditioned with a collector. 
SuitabJe col lector s include xan t hates, dithiopnos- 
phates, thiocarbama te , mercap tobenzo th i o zo 1 e and the 
like. The amount of collector employed is conventional 
and is not a part of the present invention. 

Subsequent to the foregoing conditioning 
operations, a surface modifying agent is added to the 
pulp. The amount of modifying agent added depends upon 
the nature of the ore. Suffice it to say that the 
modifying agent is added at a rate and in an amount 
sufficient to decrease the platinum electrode potential 
of the pulp, when measured against a saturated calomel 
electrode, to below at least -100 mV, for example in 
the range of about —100 mV to about -300 mV. Among the 

•ots that have been found suitable 
ii^.present invention are sodium 
^ hydroxide and the like. in the 
ftjSI^ invention, it is particularly 

t US sodium ulfide as *:h modifying ag nt. 
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It is particularly important to condition 
the re with the modifying ag nt. It also is particu- 
larly imp rtant that th or not be ov rcondi t ioned . 
Overcondi tioning results in oxidation of the surface 
modifying agent and its beneficial effect is dimin- 
ished. Basically >.he ore is conditioned for a time 
sufficient to achieve intimate contact between the 
particles and the modifying agent. In general less 
than 4 minutes is required for conditioning the ore 
with the modifying agent and indeed such conditioning 
is usually in the range of 1 to 2 minutes. One 
technique for determining whether sufficient condi- 
tioning has occurred is to monitor the change in the 
platinum electrode potent ial after the addition of the 
modifying agent and during conditioning. initially the 
platinum electrode potential decreases , i.e., it 
becomes more negative. Then the potential starts to 
increase, i.e., it becomes less negative. At the point 
where the potential begins to increase, conditioning is 
adequate and should be terminated* 

After treating the ores as outlined above, 

the pulp is then immediately subjected to a flotation 

operation following the conventional f lota t ion pro- 
cedures well known in the art. 

In an alternate embodiment of the present 
invention, the collectors, and even frothers, can be 
added with or immediately after addition of the surface 
modifying agent followed by conditioning for a time 
sufficient to provide intimate contact of the ore 
particles *^ agent as outlined 

' the ore is sub- 

- ' -^^*|fl#!lv^)tb^l6t*;*ioo operation . 

■• • ' f^v- . .. ... 
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In rder that those skilled in the art may 
r adily appreciat th uniqu f atur s and advantages 
of the present invention, th following examples, which 
are strictly illustrative and not to be construed as 
limiting in scope, are provided. 

EXAMPLE 1 

A porphyry ore containing a total of 0.89 
wt. % of copper, 0.23 wt. % of which was in tho form of 
oxide minefrals, was ground with water to provide a pulp 
which had 25% solids. The solids were then ground in 
the presence of 2,5 kg/t lime such that about 55 wt, % 
passed through 200 mesh (O.S* standard mesh size). The 
pH was adjusted to 10.5 by adding additional lime. Noxt 
the ore was conditioned with a mixture of collectors 
and frothers. The col lector o used were an *,nyl xan- 
thate and a sodium, secondary butyl d i th ophospha z e 
respectively solU under the name Cya.iamid 3 5 0 and 
Cyanamid 238 by American Cyan am id Co., Wayne, nj. The 
frothers used were pine oil, meKiyl isobutyl carbine i 
and a polyglycol sold under the name Dow-250 by Dow 
Chemical Co., Midland, HI. After conditioning with the 
collectors and frothers, the platinum electrode poten- 
tial (Bpt) was measured against a saturated calomel 
•l«ctrode. The ore was then subjected to successive 
flotation periods of 1 minute, 2 minutes and 4 minutes. 
At the beginning of each flotation period the platinum 
electrode potential of the ore was determined. Addi- 
tionally the amount of ore floated for successive time 
periods was d*temio#d «od the amount of copper in the 
( fiot££l^ determined. The results are 



1 ' V 





- 7 - 
TABLE I 

Flot. E pt , riot, Rate, Flotation Concentrate 
Time, Mln mV % Flot./min. Aai>ay, % Cu Dist», \ 

0- 1 -50 59.9 13.6 59.9 

1- 3 -40 4.4 9.* 8.8 
3-7 -2!> 1.1 5.1 4.6 

EXAMPLE 2 

Following the procedure set forth in Example 
1, the ore pulp vas first conditioned with a small 
amount of lime to bring the pH up to 10.5. Thereafter 
the slurry was conditioned with the collectors and 
frothers. To the slurry was added 0.5 *g/t sodium 
sulfide. The pulp was then conditioned for 1 minute, 
the rodox potential was measured and the ore was 
floated for 1 minute. The tare procedure of sodium 
sulfide addition, measurement of redox potential, and 
flotation was repeated at the end of 1 and 3 minute 
flotation periods. The results are given in Table It. 

TABLE II 



Flot. c Pt» Flot. Rate, Flotation Concentrate 

Time, Min mV % Flot./min . Assay, % Cu Dist . , % 



0-1 


-385 


69.9 


14.2 


69 . 9 


1-3 


-295 


6 . 3 


6.4 


12.6 


3-7 


-300 


0.8 


2.5 


3. 3 



jtf CIS b« s««n, th. overall copp«r r«cov.ry and cat. of 
greater when a surface modifying agent is 
v ' 1 than in the Instance of Example 1 where no 
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EXAMPLE 3 



Following the procedure set forth in Example 
2, the ore was treated using exactly the sane pro- 
cedure, except that 6.0 kg/t sodium hydroxide was used 
as surface modifying agent resulting in an increase in 
the pH to IZ.Q and Ep t to below -200 «V. The results 
of these tests are given in Table III. 

TABLE III 

Plot. E pt# Flot. Rate, Flotation Concentrate 

T tme / Min mV % Flot./min. Assay, % Cu Dist. , % 

0- 1 -215 62.7 13.2 62.7 

1- 3 -150 7.1 9.59 14. I 
3-7 -135 1.0 5.2 4.1 

As can be seen, use of sodium hydroxide for modifying 
the surface of oxidised sulfide minerals is effective 
in improving the overall recovery and flotation kine- 
tics. 

EXAMPLE 4 

Following the general procedure set forth in 
Example 2, the ore was treated with sodium sulfide, 
except that only a single addition of 0.5 kg/t sodium 
sulfide was employed. The results of this test are 
given in Table IV. ' 
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TABLE IV 

Fl t. Bpf Flot. Rate, Flotati n Cone ntrate 
Time, Mln aV % Flot./min. Assay, % Cu Dlst. y % 

0- 1 -280 70.0 13.7 70.0 

1- 3 , - 85 5.0 8.3 10.1 
3-7 - 45 0.8 3.7 3.2 

Comparison of these results with those in Table II show 
chat though flotation kinetics remained the same, the 
overall copper recovery is 2.5% lower than when only a 
single stage addition of sodium sulfide is used. 

EX AMPLE 5 

In this example an illuitraMon of the 
effect of conditioning period is presented. This test 
was conducted in the same manner as that in Example 5, 
except that conditioning of the pulp was extended to 5 
minutes, instead of 1 minute. The overall copper 
recovery decreased to 71.21 at a grade of 13.3% Cj. 
This recovery is lower than that obtained without the 
use of sodium sulfide in Example 1 and that obtained 
using sodium sulfide in Example 2, showing nhat 
excessive conditioning may lead to detrimental effects. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A process for recovering copper minerals 
from ores containing oxidized copper minerals in 
association with sulfide minerals comprising: 

obtaining a pulp of the ore in water; 

conditioning the pulp with an alkaline 

agent; 

thereafter conditioning the pulp with a 
collector or mixture of collectors; 

adding a surface modifying agent at a rate 
in an amount sufficient to decrease the platinum 
electrode potential when measured against a saturated 
calomel electrode of below about -100 mV; 

conditioning the pulp only, for a time 
sufficient to provide intimate contact between the pulp 
and the surface modifying agent; and 

thereafter subjecting the so treated ore to 
flotation whereby copper minerals are recovered. 

2. The process of claim 1 wherein the 
alkaline agent is selected from the group consisting o? 
alkali metal carbonates, ammonium, potassium, and 
calcium hydroxide, lime and mixtures thereof and 
wherein the alkaline agent is used in an amount 
sufficient to provide a pH greater than 8.5. 

3. The process of claim 2 wherein the 
alkaline agent is lime. 
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4, The process of claim 3 wherein the 
collector is selected from the group consisting of 
xanthates, d i th iophospha tes , thiocacbonates and ir.er- 
captobenzothi ozoles • 

5, The process of claim 4 wherein the 
surface modifying agent is selected from sodium 
sulfide, lime and sodium hydroxide, 

6. The process of claim 5 wherein the 
surface modifying agent is sodium sulfide. 

7. In the flotation process for recovering 
copper values from ores containing oxidized copper 
sulfide minerals in association with copper sulfide 
minerals wherein said ores are conditioned with 
collectors and frothers and thereafter subjected to 
flotation to recover said copper values, the improve- 
ment comprising adding a surface modifying agent to an 
alkaline pulp of said ore, said agent added at a rate 
and in an amount sufficient to decrease the platinum 
electrode potential of said pulp when measured against 
a saturated calomel electrode to below -100 mV; con- 
ditioning said pulp only for a time sufficient to 
provide intimate contact of said pulp and agent and 
thereafter immediately subjecting said conditioned pulp 
to a flotation operation. 

•8. The process of claim 7 wherein said 
alkaline pulp has a pH in the range of from about 8.5 
to 11.0. 

9. The process of claim 8 wherein said 
surface modifying agent is selected from the group 
consisting of sodium sulfide, lime and sodium 
hydroxide. 
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10. The proc ss of claim 9 wherein said 
agent is add d at a rate and in an amount sufficient to 
provid a platinum el ctrod potential of from -100 mV 
to -300 mV. 
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